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Abstract We conducted transect counts of butterflies in 1999 and 2001 in a coppice on Mt Mikusa, 
northern Osaka Prefecture, central Japan, to elucidate the effects of experimental mowing on 
species diversity and assemblage structure of butterflies. At the study site, the forest floor, which 
had been almost covered with dwarf bamboo in 1999, was mown after the autumn of 2000 to pro- 
duce alternating 25-m intervals of mown and unmown strips of undergrowth on an experimental 
basis. Totals of 975 and 775 individuals belonging to 41 and 46 butterfly species were observed re- 
spectively before (1999) and after (2001) completion of the strip mowing. Three species of multi- 
voltine satyrids, Lethe diana, L. sicelis and Neope goschkevitschii, dependent on tree sap and dwarf 
bamboo for their adult and larval food resources, respectively, were dominant in both survey years, 
although their densities were greatly decreased in 2001. In contrast, annual counts of nectar-de- 
pendent and forest herb feeding butterflies, including two species of univoltine fritillaries, Argynnis 
paphia and Damora sagana, increased in 2001. Thus the stripe mowing of undergrowth enhanced 
the species diversity of butterflies in the study site coppice by suppressing densities of dominant 
dwarf bamboo feeders and benefiting forest herb feeders. 
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Introduction 


Coppices have been maintained for centuries as sources of firewood, charcoal, and manure 
by pruning, mowing of undergrowth and raking dead leaves in Japan (e. g. Moriyama, 
1988; Ishii et al., 1993; Ishii, 2001a; Takeuchi, 2003) as well as in Europe (Rackham, 1986; 
Peterken, 1991). However, since the economical value of coppices decreased after the ener- 
gy revolution in the early 1960s, some coppices have been destroyed by construction of res- 
idential quarters, roads, golf courses etc., and others have been transformed into coniferous 
plantations in Japan (e. g. Ishii et al., 1993; Ishii, 1996, 2005). Moreover, in most remaining 
coppices the understory has been abandoned and canopy trees have grown to maturity in the 
process of vegetation succession. The abandonment of traditional forms of forest manage- 
ment in coppices is considered to be a major cause of decline for butterflies in Japan (e. g. 
Moriyama, 1988; Ishii et al., 1995; Ishii, 1996, 2001a, b). 


Coppices and coppice remnants are found in and around Mt Mikusa in northern Osaka 
Prefecture, central Japan (Fig. 1), but the trees and undergrowth have become overgrown in 
most of these. In 1992 the Foundation of Osaka Green Trust (OGT) established a preserve 
comprising about 14.5 ha of a coppice in Mt Mikusa as the “Mt. Mikusa Zephyrus 
Coppice” (MZC) (Fig. 1) where about 50 species of butterflies including arboreal thecline 
lycaenids (=“Zephyrus”), dwarf-bamboo-feeding satyrids and violet-feeding fritillaries 
were found (Ishii et al., 1995; Hirowatari et al., 1996). The OGT has been experimentally 
arranged in alternating 25-m rows of mown and unmown strips of undergrowth to conserve 
populations of butterflies with different feeding habits since 1993. However, the alternating 
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mown and unmown strip management was partly interrupted between 1997 and 1999, and 
resumed in 2000 (Fig. 2). 


We conducted transect counts of butterflies in MZC before (1999) and after (2001) the 
completion of strip mowing of undergrowth to elucidate the effects of the experimental 
mowing on species diversity and assemblage structure of butterflies. 


Study site and methods 


Study site 


The study site MZC is located on the southeastern slope of Mt Mikusa at an altitude of 
400-500 m (approximately 34°57°N, 135°22’E), and is covered with deciduous broad-leaf 
forests dominated by deciduous oaks such as Quercus serrata, Q. acutissima and Q. aliena, 
and plantations of Japanese cypress Chamaechiparis obutusa and Japanese cedar 
Cryptomeria japonica. The forest floor is predominantly covered with the dwarf bamboo 
Pleioblastus chino. The main vegetation type around the study site comprises intolerant 
tree forests, although the value of Kira’s warmth index (Kira, 1949) indicates that the po- 
tential natural vegetation should be that of a shade tree forest. 


Transect counts 


We censused butterfly assemblages by transect counts along a 2,490-m route fixed in the 
study site twice a month from April to October in 1999 and 2001 (Fig. 1). As a rule, each 
census was conducted from 10: 00 to 15: 00 hrs local time in fine weather and calm to light 
wind conditions. We recorded the number of adults of each butterfly species sighted within 
a 10-m width (5 m each side of the recorder) and 5-m height along the transect. Butterflies 
not readily identified were captured by net and released after identification. 


Ecological classification of butterflies 


Butterfly species recorded from the study site were classified into two to eight groups by 
major larval and adult food resources, voltinism and geographical distribution according to 
Hiura (1973), Unno and Aoyama (1981), Fukuda et al., (1982, 1983, 1984a, b), Makino 
(1982, 1983), Okuda (1997), Yata (1999) and Ishii (20015). Larval food plants were clas- 
sified into eight types; three types of herbs, comprising short and tall herbs in open areas 
and herbs in forest; dwarf bamboo; climbing plants; shrubs; and two types of trees, decidu- 
ous and evergreen. Adult food resources were classified into nectar, tree sap and others. As 
for voltinism, we classified butterfly species as either univoltine or multivoltine. The pat- 
tern of geographical distribution was classified into one of three types: Sino-Japanese, 
Siberian and Malayan. The ecological characteristics of each species are shown in the 
Appendix. 


Data analysis 


The number of individuals of each species was pooled per year for further analyses. We 
compared species richness, abundance, diversities and evenness indices between 1999 and 
2001. Species diversity indices, the Shannon index, H' (Shannon and Weaver, 1949) and 
the Simpson’s index, I-A (Simpson, 1949) were calculated as follows: 


H’=-X ((n/N) log, (n,/N)) 
1-4 =1-2Xn, (n,-1)/N (N-1) 


where n; is the population abundance of the ith species and N is the total population abun- 
dance of all component species. 
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Fig. 1. Location of the study site, “Mt. Mikusa Zephyrus Coppice” and transect route for butterfly 
counts. 
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Fig. 2. Areas in which mowing of undergrowth was done (shaded area) in “Mt. Mikusa Zephyrus 
Coppice” in 1998 and 2000. Figures redrawn from the Foundation of Osaka Green Trust 
(unpublished). 


Species evenness was expressed by Pielou’s index of equitability (Pielou, 1969) calculated 
as follows: 


ゾー —X ((n/N) log.(n/N)) 
where S is the number of species. 


The proportions of species richness and annual counts for each type of butterfly were com- 
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pared between 1999 and 2001 to elucidate the change in assemblage structure by using a 
chi-square test. 


Results 


Characteristics of butterfly fauna at the study site 


A total of 1750 individuals from 52 species of butterflies were recorded from the study site 
(Table 1). Among the 52 species, 35, 8 and 9 belonged respectively to the Sino-Japanese, 
Siberian and Malayan types (Appendix). It should be noted that four out of the 35 Sino- 
Japanese species, Ussuriana stygiana, Ladoga glorifica, Lethe sicelis and Neope goschke- 
vitschii, were endemic to Japan. 


Grouping by larval food-plant, deciduous-tree feeders were the most dominant (14 spp.), 
followed by tall-herb (11), climbing-plant (8), shrub (7) and open-land-short-herb feeders 
(6), while evergreen-tree (2) and forest-herb feeders (4) were subordinate in the study site. 
The seven shrub feeders included three satyrids, L. diana, L. sicelis and N. goschkevitschii, 
and a hesperiid, Thoressa varia, which is dependent on dwarf bamboo as the larval food 
plant. The three dwarf-bamboo feeder satyrids, which depend on tree sap for adult food, 
ranked among the most dominant species in both 1999 and 2001 (Table 2). Deciduous-tree 
feeders such as the oak hesperiid, Erynnis montanus, and arboreal thecline lycaenids, 
Antigius attilia and Japonica lutea, and tall-grass feeder satyrids, Ypthima argus and Minois 
dryas, were also among the dominant species in both years. In contrast, none of the short- 
herb and evergreen-tree feeders were ranked among the top 10 in dominance in either 1999 
or 2001. These results show that the butterfly assemblage at the study site is characterized 
by deciduous broadleaf forest species in a temperate region. 


Changes in species diversity and assemblage structure 


The total annual count of butterflies decreased from 975 in 1999 to 775 individuals in 2001, 
while species richness increased from 41 in 1999 to 46 species in 2001 (Table 1). Thirty- 
five out of the 52 species recorded in the study site were common in both years, while 6 and 
11 species were only observed in 1999 or 2001, respectively. For instance, two species of 
violet-feeding fritillaries, Argynnis paphia and Argyronome ruslana, three species of hair- 
streak, Wagimo signatus, U. stygiana and Favonius saphirinus, and a threatened nymphalid, 
Sasakia charonda, were included in the 11 species recorded only in 2001. On the other 
hand, three open land species, Parnara guttata, Byasa alcinous and Everes argiades, were 
among the six species observed only in 1999. 


Species diversity indices, H' and 1—A, were higher in 2001 (3.99 and 0.89, respectively) 
than in 1999 (3.40 and 0.83) (Table 1), and species evenness (J^) was also higher in 2001 
(0.72) than in 1999 (0.64). The change in species diversity as well as total annual count 
was mainly due to the decrease in annual counts for dominant species in the study site 
(Table 2). In particular, the total annual counts (%) for the three species of dwarf-bamboo 
feeders, L. diana, L. sicelis and N. goschkevitschii, decreased markedly from 645 (60%) in 
1999 to 385 (50%) in 2001 (Table 2). As for the other dominant species, densities of Y. 
argus and Mycalesis francisca decreased markedly over the two-year period, while those of 
M. dryas, Libythea celtis, J. lutea and A. paphia increased markedly in 2001 (Tables 1, 2). 
As a result, the abundance of nectar-dependent species increased in 2001, while that of tree- 
sap feeders decreased (cf. Table 3). 


The proportions of species richness were not significantly different in any groups of but- 
terHies classified according to the larval food plant, adult preference for tree sap, voltinism 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


206 Yasuaki NISHINAKA and Minoru Isun 


Table 1. Annual counts of butterflies observed in the study site in 1999 and 2001. Mean annual count for 


each species is shown in parentheses 


Annual count (Count/km) 














NO 1999 2001 Total 
Hesperiidae セセリ チョ ウ 科 
Erynnis montanus ミヤ マセ セリ - 40 (1.15) 50 (1.43) 90 (1.29) 
Daimio tethys ダイ ミ ョ ウ セ セリ 6 (0.17) 10 (0.29) 16 (0.23) 
Thoressa varia コナ チャ バネ セセリ 15 (0.43) 10 (0.29) 25 (0.36) 
Ochlodes ochraceus ヒメ キマ ダラ セセリ 1 (0.03) 1 (0.03) 2 (0.03) 
Potanthus flavum キマ ダラ セセリ 5 (0.14) 12 (0.34) 17 (0.24) 
Polytremis pellucida + オオ チャ バネ セセリ 8 (0.23) 10 (0.29) 18 (0.26) 
Parnara guttata イチ モン ジ セ セリ 1 (0.03) ー 1 (0.02) 
Papilionidae アゲ ハチ ョ ウ 科 
Byasa alcinous ジャ コウ アゲ ハ 1 (0.03) ー 1 (0.02) 
Papilio xuthus F 3 F 77» ー 1 (0.03) 1 (0.01) 
P. helenus モン キア ゲハ 3 (0.09) 2 (0.06) 5 (0.07) 
P. protenor クロ アゲ ハ 15 (0.43) 4 (0.11) 19 (0.27) 
P. macilentus オナ ガ ア ゲハ ー 2 (0.06) 2 (0.03) 
P. bianor カ ラス アゲ ハ 7 (0.20) 2 (0.06) 9 (0.13) 
P. maackii ミヤ マカ ラス アゲ ハ = 1 (0.03) 1 (0.01) 
Pieridae シロ チョ ウ 笠 
Eurema hecabe キチ ョ ウ 15 (0.43) 10 (0.29) 25 (0.36) 
Anthocharis scolymus ツマ キチ ョ ウ 7 (0.20) 4 (0.11) 11 (0.16) 
Pieris melete スジ グロ シロ チョ ウ 17 (0.49) 14 (0.40) 31 (0.45) 
Lycaenidae Y Y 3 F a 7 F} 
Narathura japonica ムラ サキ シジミ 2 (0.06) 6 (0.17) 8 (0.12) 
Japonica lutea 7 Fv Y 3 3 (0.09) 24 (0.69) 27 (0.39) 
J. saepestriata ウラ ナミ アカ シジミ 8 (0.23) 11 (0.32) 19 (0.27) 
Wagimo signatus カワ ラミ スジ シ ジミ ー 1 (0.03) 1 (0.01) 
Antigius attilia ミス イロ オ ナガ シジミ 18 (0.52) 11 (0.32) 29 (0.42) 
Ussuriana stygiana 7 FY YY 3 ー 1 (0.03) 1 (0.01) 
Favonius cognatus ヒロ オビ ミド リ シ ジ ミ 1 (0.03) 2 (0.06) 3 (0.04) 
F. saphirinus ウラ ジロ ミド リ シ ジ ミ 1 (0.03) 1 (0.01) 
Callophrys ferrea コツ バズ ー 1 (0.03) 1 (0.01) 
Lycaena phlaeas ベニ シジミ 1 (0.03) 8 (0.23) 9 (0.13) 
Zizeeria maha ヤマ トシ ジミ 1 (0.03) 3 (0.09) 4 (0.06) 
Celastrina argiolus ルリ シジミ 1 (0.03) - 1 (0.02) 
Everes argiades ソバ メシ ジミ 1 (0.03) ー 1 (0.02) 
Curetis acuta ワラ ギン シジミ 11 (0.32) 5 (0.14) 16 (0.23) 
Libytheidae テン グチ ョ ウ 科 
Libythea celtis TJ ZF a” 1 (0.03) 30 (0.86) 31 (0.45) 
Danaidae ¥ マダ ラチ ョ ウ 科 
Parantica sita 了 ア サギ マダ ラ 1 (0.03) 2 (0.06) 3 (0.04) 
Nymphalidae タテ ハチ ョ ウ 科 
Argyronome ruslana オオ ウラ ギン スジ ヒョウ モン - 1 (0.03) 1 (0.01) 
Damora sagana メス グロ ヒョウ モン 1 (0.03) 10 (0.29) 11 (0.16) 
Nephargynnis anadyomene クモ ガタ ヒョウ モン 3 (0.09) 2 (0.06) 5 (0.07) 
Argynnis paphia ミ ドリ ヒョウ モン ー 15 (0.43) 15 (0.22) 
Ladoga camilla イチ モン ジ チ ョ ウ 1 (0.03) 3 (0.09) 4 (0.06) 
L. glorifica 了 アサ マイ チ モ ン ジ 2 (0.06) z 2 (0.03) 
Neptis sappho コミ スジ 17 (0.49) 14 (0.40) 31 (0.45) 
Kaniska canace ルリ タテ ハ 6 (0.17) 9 (0.26) 15 (0.21) 
Vanessa indica 7 カタ テハ 5 (0.14) 1 (0.03) 6 (0.08) 
Hestina japonica ゴマ ダラ チョ ウ 3 (0.09) ー 3 (0.05) 
Sasakia charonda オオ ムラ サキ ー 1 (0.03) 1 (0.01) 
Satyridae ジャ ノ メ チ ョ ウ 科 
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Ypthima argus ヒメ ウラ ナミ ジャ ノ メ 49 (1.41) 17 (0.49) 66 (0.95) 
Minois の ygy ジ ャ ノブ メチ ョ ウ 22 (0.63) 65 (1.86) 87 (1.25) 
Lethe sicelis ヒ カ ゲ チョ ウ 200 (5.74) 115 (3.30) 315 (4.52) 
L.diana ク ロ ヒ カゲ 316 (9.06) 202 (5.79) 518 (7.43) 
Neope goschkevitschii サト キマ ダラ ヒ カ ゲ 129 (3.70) 68 (1.95) 197 (2.83) 
Mycalesis gotama ヒメ ジャ ノ メ 8 (0.23) 9 (0.26) 17 (0.24) 
M. francisca コジ ャ ノ メ 23 (0.66) 3 (0.09) 26 (0.37) 
Melanitis phedima クロ コノ マチ ョ ウ ー 1 (0.03) 1 (0.01) 
Species richness 4] 46 52 
Annual count 975 775 1750 
Count per km 28.0 22.2 25.1 
H' 3.40 3.99 3.76 
1-A 0.83 0.89 0.86 
J 0.64 0.72 0.66 








Table 2 The top 10 dominant butterfly species in the study site in 1999 and 2001 with the density (count/km) 
and annual count (in parentheses) of each species. Major larval food plant, adult food resource, vol- 
tinism, and distribution type of each species are also shown in parentheses (see appendix for abbrevia- 














tion). 
Year 
One 1999 2001 
1 Lethe diana (M, SJ, S, Shr) 9.06 (316) Lethe diana (M, SJ, S, Shr) 5.79 (202) 
2 Lethe sicelis (M, Je, S, Shr) 5.74 (200) Lethe sicelis (M, Je, S, Shr) 3.30 (115) 
3 Neope goschkevitschii (M, Je, S, Shr) 3.70 (129) Neope goschkevitschii (M, Je, S, Shr) 1.95 (68) 
4  Ypthima argus (M, SJ, N, TH) 1.41 (49) Minois dryas (U, Si, NS, TH) 1.86 (65) 
5 Erynnis montanus (U, SJ, N, DT) 1.15 (40) Erynnis montanus (U, SJ, N, DT) 1.43 (50) 
6 Mycalesis francisca (M, SJ, S, TH) 0.66 (23)  Libythea celtis (M, SJ, N, DT) 0.86 (30) 
7 Minois dryas (U, Si, NS, TH) 0.63 (22) Japonica lutea (U, SJ, N, DT) 0.69 (24) 
8 Antigius attilia (U, SJ, N, DT) 0.52 (18) Ypthima argus (M, SJ, N, TH) 0.49 (17) 
9 Pieris melete (M, SJ, N, SH) 0.49 (17) Argynnis paphia (U, Si, N, FH) 0.43 (15) 
Neptis sappho (M, Si, N, CP) 0.49 (17) 

10 Pieris melete (M, SJ, N, SH) 0.40 (14) 

Neptis sappho (M, Si, N, CP) 0.40 (14) 





and geographical distribution between 1999 and 2001 (Table 3). On the other hand, the 
proportion of annual counts differed in all groups of butterflies between the two years 
(Table 3). In particular the proportion of shrub and tree-sap feeders, both of which include 
the three dominant dwarf-bamboo feeder satyrids, were significantly lower in 2001 (52 and 
53%, respectively) than in 1999 (69 and 70%). As for voltinism groups, the proportion of 
univoltine species in the annual count increased significantly from 11% in 1999 to 26% in 
2001. By contrast, the proportion of the annual count comprising Sino-Japanese species 
decreased slightly from 92% in 1999 to 82% in 2001. The increase in univoltine species as 
well as the decrease in Sino-Japanese species among the annual counts were also due to the 
decrease in the two dominant dwarf-bamboo feeders, L. sicelis and N. goschkevitschii, 
which are multivoltine and endemic to Japan. 


Seasonal change of butterfly assemblage 


Both species richness and density of butterflies fluctuated seasonally at the study site, but 
the pattern differed between 1999 and 2001 (Fig. 3). Species richness showed two clear 
peaks in June and August respectively with the August peak (19 spp.) being higher than the 
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Table 3. Species richness and annual counts of each group of butterflies classified by distribution, voltinism, 
larval food plant and adult food in the study site in 1999 and 2001. 











Species richness (%) Annual count (%) 
year Chi-square test year Chi-square test 
1999 2001 y df p 1999 2001 vy df p 





Larval food plant 
Short herb in open land 6 (14.6) 4 (8.7) 2.47 6 NS 28 (2.9) 29 (3.7) 81.20 6  *** 

















Tall herb in open land 10 (24.4) 10 (21.7) 137 (14.1)129 (16.6) 

Forest herb 2 (4.9) 4 (8.7) 4 (0.4) 28 (3.6) 

Climbing plant 8 (19.5) 6 (13.0) 45 (4.6) 43 (5.5) 

Shrub 5 (12.2) 7 (15.2) 675 (69.2)402 (51.9) 

Deciduous tree 9 (22.0) 13 (28.3) 84 (8.6) 137 (17.7) 

Evergreen tree 1(2.4) 2 (4.3) 2 (0.2) 7 (0.9) 

(Dwarf-bamboo) 4(9.8) 4(87 0.02 1 NS 660 (67.7)395 (51.0) 50.44 1 RR 

(Forest violet) 2 (4.9) 4(87 049 1 NS 4 (0.4) 28 3.6) 24.67 1 eo 
Adult food 

Tree-sap 7 (17.1) 8 (17.4) 0.002 1 NS 685 (70.3)408 (52.6) 57.11 1 a 

Others 34 (82.9) 38 (82.6) 290 (29.7)367 (47.4) 

(Nectar depending) 33 (80.5) 37 (80.4)0.00004 1 NS 288 (29.5)361 (46.6) 53.75 1 ofo 
Voltinism 

Univoltine species 9 (22.0) 16 (34.8) 1.74 1 NS 103 (10.6)200 (25.8) 70.07 1 ki 

Multivoltine species 32 (78.0) 30 (65.2) 872 (89.4)575 (74.2) 
Distribution 

Sino-Japanese 26 (63.4) 32 (69.6) 0.41 2 NS 895 (91.8)634 (81.8) 46.62 2 RER 

Siberian 7 (17.1) 6 (13.0) 46 (4.7) 107 (13.8) 

Malayan 8 (19.5) 8 (17.4) 34 (3.5) 34 (4.4) 





‘NS, not significant; *, p<0.05; **, p<0.01; ***, p<0.001. 


June one (16) in 1999. In contrast, four peaks of species richness were observed between 
June and September, with the highest peak of 19 species occurring in June of 2001. In 
2001, the second and third continuous peaks of species richness (16 and 18 spp. respective- 
ly) followed the June peak from July to August, and the fourth small one (12 spp.) was seen 
in September. As for the density of butterflies, two peaks were observed in June and 
September in both years. However, the June peak was slightly later and higher in 2001 (ca 
45 individuals/km) than in 1999 (ca 40), and the second one was much lower in 2001 (ca 
35) than in 1999 (ca 75). 


On the other hand, species diversity (1—4) was about 0.8, and remained almost constant be- 
tween May and September in both years. Nevertheless, species diversity gradually de- 
creased with the progression of the season, showing a clear fall in early July of 1999, while 
it was almost constant showing a slight fall in September of 2001. As a result, the species 
diversity was slightly higher in summer and autumn in 2001 than in 1999. 


Seasonal changes in density and species diversity of butterflies at the study site may reflect. 
changes in the densities of the three dominant dwarf-bamboo feeders, L. diana, L. sicelis 
and N. goschkevitschii, and four fritillaries, Damora sagana, N. anadyomene, A. paphia and 
A. ruslana (Fig. 4). Both dwarf-bamboo feeders and fritillaries were observed twice, in 
early summer and late summer to early autumn, of both years, but the pattern of seasonal 
change in density differed between the two years: the density of fritillaries increased 
markedly in 2001, while that of dwarf-bamboo feeders only showed a notable decrease in 
the late summer generation of 2001. 
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Fig. 3. Seasonal changes in species richness (No. of species), density (count/km) and species diver- 
sity (1-4) at the study site in 1999 and 2001. 


Discussion 


Characteristics of butterfly assemblage at the study site 


In this study, a total of 52 species of butterflies were observed at the study site MZC, show- 
ing that about half of the butterfly species recorded from Osaka Prefecture (102 spp., 
Uyama, 2005) still remain in and around this small coppice woodland. The results of this 
study revealed that the assemblage of butterflies at the study site was dominated by species 
dependent on various types of plants: trees, shrubs, herbs and climbing plants, occurring in 
deciduous broad-leaf forests. In particular, three species of dwarf-bamboo feeder satyrids, 
L. diana, L. sicelis and N. goschkevitschii, were the three most dominant species in the 
study site. The butterfly assemblage was also characterized by deciduous-tree feeders, such 
as arboreal thecline lycaenids and the oak hesperiid, and tall-grass feeder satyrids, as well 
as violet feeder fritillaries. However, these butterflies have recently been declining in low- 
lands along an urban gradient in and around Osaka Prefecture (e. g. Imai, 1998; Natuhara, 
2000; Ishii, 2001a). 


The results of this study also revealed that the butterfly fauna in MZC is characterized by an 
abundance of Sino-Japanese species including those endemic to Japan, and univoltine 
species. Ishii (2001a, b) noted that results from transect counts of butterflies at various sites 
in Osaka indicated that Sino-Japanese species as well as univoltine ones are more abundant, 
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Fig. 4. Seasonal changes in density (count/km) of dwarf-bamboo feeding satyrids and forest-violet 
feeding fritillaries at the study site in 1999 and 2001. 





both in terms of the number of species and annual counts, in coppices compared with parks 
in urban areas. He also suggested that most Sino-Japanese species inhabiting coppices are 
components of the temperate broad-leaf deciduous forest which had prevailed in central 
Japan during the last ice age. Thus butterfly biodiversity at study site MZC is unique, and 
the product of a long period of time, so it should be conserved by maintenance of the cop- 
pice itself as mentioned by Ishii (2001a, b). 


Effects of experimental mowing 


Species richness increased from 41 species in 1999 to 46 in 2001, with the proportion of 
species richness not different in each group of species between the two years. In addition 
faunal improvement occurred during the study period: eleven species, including two violet 
feeding fritillaries, three arboreal hairstreaks and a threatened species were newly recorded, 
and six species including three open land species were not observed in 2001. The results 
show that the experimental mowing of undergrowth did not result in the degradation of but- 
terfly fauna, but did improve both species richness and composition in the study site MZC. 


On the other hand, the density of butterflies decreased markedly in 2001, with the proportion 
of annual counts showing significant differences in each group of species between the two 
years. In particular, the three most dominant species, L. diana, L. sicelis and N. goschke- 
vitschii, dependent on dwarf bamboo and tree sap in larval and adult stages, respectively, 
decreased greatly in 2001. By contrast, forest-herb and/or nectar feeding species, including 
two species of fritillaries, D. sagana and A. paphia, increased in 2001. As a result, species 
diversity and evenness of the butterfly assemblage at the study site improved in 2001. 


Thus, the results of this study show that strip mowing of undergrowth enhanced the species 
diversity of butterflies at the study site by suppressing dwarf-bamboo feeders and favoring 
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Fig. 5. Changes in species richness (a), density and species diversity (b) of each larval food-plant 
group of butterflies in the study site during the years 1992 and 2001. Data for 1992 and 
1995 were from Ishii et al. (1995) and Ishii et al. (2003), respectively. 


forest-herb feeders. Extensive growth of dwarf bamboo prevents other undergrowths from 
immigrating and/or surviving, so that the species diversity of plants on the forest floor de- 
creases (e. g. lida and Nakashizuka, 1995; Minamiyama et al., 2001; Suzaki et al., 2005). 
Okuda (1997) reported that a forest violet, Viola grypoceras, establishes large colonies on 
the forest floor of coppices under mowing management. Itis possible that the strip mowing 
had positive influences on forest-herb feeders like fritillaries by favoring forest herbs in- 
cluding violets on the forest floor of the study site. 


Change of butterfly assemblage structure in MZC 


Fig. 5 shows changes in species richness and density of each larval food-plant group in the 
butterfly assemblage of MZC from 1992 to 2001 based on data from Ishii et al. (1995, 
2003) and this study. The proportion of species richness of each group in the assemblage 
did not differ among the four survey years, while that of density fluctuated from year to 
year. The density of dwarf-bamboo feeders was different between the four years: the densi- 
ty was lowest in 1995, when the strip mowing was first completed (Ishii et al., 2003), and 
highest in 1999 when the whole forest floor was covered with dwarf bamboo again. The 
density of dwarf-bamboo feeders decreased in 2001 when the strip mowing was completed 
again. 


The change of butterfly assemblage in MZC for the past 10 years also shows that the 
species richness of butterflies was stable, but the density of butterflies in each larval food- 
plant group was affected by the mowing of the forest floor. However, densities of climbing- 
plant, violet and deciduous-tree feeders were highest in 1992 when the strip mowing had 
not yet started in MZC (Fig. 5). As a result, species diversity (1—4) was high in 1992 irre- 
spective of the high density of dwarf-bamboo feeders. It is probable that not only the 
growth of undergrowth but also that of canopy trees affected the structure of butterfly as- 
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semblage in MZC. Indeed, clear-cutting, other than partial tree cutting, had not been con- 
ducted in MZC since 1992. 


The canopy closure caused by the forest succession is considered to be an important factor 
affecting the assemblage structure of butterflies in forests (e. g. Greatorex-Davies et al., 
1993; Chikamatsu et al., 2002). Inoue (2003) showed from his comparative study of but- 
terfly assemblages in forests of different successional stages in central Japan that the species 
richness, abundance and species diversity of assemblage were high in grasslands and/or 
young secondary forests, and grassland species decreased considerably with secondary suc- 
cession. Warren (1987) pointed out that clear-cuttings in coppices are important for conser- 
vation of a threatened British violet-feeding fritillary, Mellicta athalia. Some of the violet- 
feeding fritillaries have also been declining in Japan, and it is important to elucidate the fac- 
tors affecting the density of forest-herb feeders including fritillaries in MZC. Further studies 
are needed to analyze the effects of tree cuttings on the assemblage structures of butterflies 
at the study site. 
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Appendix. Ecological characteristics of butterflies in the study site (see text). Column 1: Voltinism. Column 
2: Distribution type. Column 3: Major adult food. Column 4: Larval food plant type. Column 5: 
Major larval food plant (family). 

Species 1 2 3 4 5 

Hesperiidae € セセリ チョ ウ 科 















































Erynnis montanus ミヤ マセ セリ U SJ N DT Deciduous oak (Fag) 

Daimio tethys ダイ ミ ョ ウ セ セリ M SJ N CP Blackbryony (Dio) 

Thoressa varia コチ ャ バネ セセリ M SJ N Shr Dwarfbamboo(Gra) 

Ochlodes ochraceus ヒビ メキ マダ ラ セ セ セリ M SJ N TH Grass(Gra) 

Potanthus flavum キマ ダラ セセリ M SJ N TH Grass(Gra) 

Polytremis pellucida オオ チャ バネ セセリ M SJ N TH Grass (Gra) 

Parnara guttata イチ モン ジ セ セリ M Ma N SH Grass (Gra) 
Papilionidae アゲ ハチ ョ ウ 笠 

Byasa alcinous ジャ コウ アゲ ハ M SJ N TH Aristolochia spp. (Ari) 

Papilio xuthus F 3 F 77-7 M SJ N Shr Zanthoxylum spp. (Rut) 

P. helenus モン キア ゲハ M Ma N DT Zanthoxylum spp. (Rut) 

P. protenor 7 OF 77 M SJ N Shr Zanthoxylum spp. (Rut) 

P. macilentus オナ ガ ア ゲハ M SJ N Shr Orixa spp. (Rut) 

P. bianor カラ ス ア ゲハ M SJ N DT Zanthoxylum spp. (Rut) 

P. maackii ミヤ マカ ラス アゲ ハ M SJ N DT Zanthoxylum spp. (Rut) 
Pieridae シロ チョ ウ 科 

Eurema hecabe + F a 7 M Ma N TH Bush clover (Leg) 

Anthocharis scolymus ソノ マキ チョ ウ U SJ N SH Bitter cress (Cru) 

Pieris melete スジ グロ シロ チョ ウ M SJ N SH Yellow cress (Cru) 
Lycaenidae シジミ チョ ウ 科 

Narathura japonica ムラ サキ シジミ M Ma O ET Evergreen oak (Fag) 

Japonica lutea 7 カシ ジミ U SJ N DT Deciduous oak (Fag) 

J. saepestriata ワラ ナミ アカ シジミ U SJ N,S DT Deciduousoak(Fag) 

Wagimo signatus カワ ラミ スジ シジミ U SJ N DT Deciduousoak(Fag) 

Antigius attilia ミズ イロ オナ ガ シ ジ ミ U SJ N DT Deciduous oak (Fag) 

Ussuriana stygiana ウラ キン シジミ U SJ(Je) N DT Ash(Ole) 

Favonius cognatus ヒロ オビ ミド リ シ ジ ミ U SJ N DT Deciduous oak (Fag) 

F. saphirinus ワラ ジロ ミド リ シ ジ ミ U SJ N DT Deciduousoak(Fag) 

Callophrys ferrea ゴ ツ バ メ U SJ N ET Japanese andromeda (Eri) 

Lycaena phlaeas ベニ ンジ ミ M SiN SH Sheep sorrel (Pol) 

Zizeeria maha ヤマ トシ ジミ M Ma N SH Oxalisspp.(Oxa) 

Celastrina argiolus ルリ シジミ M Si N CP Kudzu (Leg) 

Everes argiades ツバ メシ ジミ M Si N SH Tares (Leg) 

Curetis acuta ウフ ギン シジミ M SJ N,S CP Kudzu (Leg) 
Lybytheidae テン グチ ョ ウ 笠 

Libythea celtis FY 7 F a M SJ N DT Hackberry (Ulm) 
Danaidae マダ ラチ ョ ウ 科 
` Parantica sg アサギマダラ M Ma N CP Asclepiadaceous plant (Asc) 
Nymphalidae ¥ ター テハ チョウ 笠 

Argyronome ruslana オオ ウラ ギン スジ ヒョウ モン U SJ N FH Forest violet (Vio) 

Damora sagana メス グロ ヒョウ モン U SJ N FH Forestviolet(Vio) 

Nephargynnis anadyomene クモ ガタ ヒョウ モン U Si N FH Forest violet (Vio) 

Argynnis paphia ミ ドリ ヒョウ モン U Si N FH Forest violet (Vio) 

Ladoga camilla イチ モン ジ チ ョ ウ M Si N CP Lonicera spp. (Cap) 

L. g/o77 が cg アサ マイ チ モ ン ジ M SJ(Je) N CP Lonicera spp. (Cap) 

Neptis sappho コミ スジ M Si N CP Kudzu (Leg) 

Kaniska canace ルリ タテ ハ M Ma S CP Smilax china (Lil) 

Vanessa indica F J) Y F 7 M Ma N,S TH Ramie (Urt) 

Hestina japonica ゴマ ダラ チョ ウ M SJ S DT Hackberry (Ulm) 

Sasakia charonda オオ ムラ サキ U SJ S DT Hackberry (Ulm) 


Satyridae Y ジャ ノ メ チ ョ ウ 科 
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Ypthima argus ヒメ ウラ ナミ ジャ ノ メ M SJ N TH Grass (Gra) 
Minois dryas ジャ ノ メ チ ョ ウ U Si N,S TH Grass (Gra) 
Lethe sicelis ヒビ カゲ チョ ウ M SJ (Je) S Shr Dwarf bamboo (Gra) 
L. diana 2 Wk Aw M SJ S Shr Dwarf bamboo (Gra) 
Neope gosc ん evzsc7 が サト キマ ダラ ヒビ カゲ M SJ(Je) S Shr Dwarf bamboo (Gra) 
Mycalesis gotama € ヒメ ジャ ノ メ M SJ S TH Grass (Gra) 
M. francisca コジ ャ ノ メ M SJ S TH Grass (Gra) 
Melanitis phedima クロ コノ マチ ナチ ョ ウツ M Ma S TH Grass (Gra) 








1. Voltinism: U: univoltine , M: multivoltine. 

2. Distribution: SJ; Sino-Japanese (Eastern Asia including Japan), Je; endemic to Japan, Ma; Malayan 
(Malaysia, Indonesia and south China), Si; Siberian (widely in Palaearctic region). 

3. Major adult food resource: N; nectar, S; tree sap, O; others. 

4. Major larval food plant: SH; short herb in open land, TH; tall herb in open land, FH; forest herb, CP; 
climbing plant, Shr; shrub, DT; deciduous broad-leaved tree, ET; evergreen broad-leaved tree. 

5. Family of larval food plant: Ari; Aristolochiaceae, Asc; Asclepiadaceae, Cap; Caprifoliaceae, Cru; 
Cruciferae, Dio; Dioscoreaceae, Eri; Ericaceae, Fag; Fagaceae, Gra; Gramineae, Leg; Leguminosae, Lil; 
Liliaceae, Ole; Oleaceae, Oxa; Oxalidaceae, Pol; Polygonaceae, Rut; Rutaceae, Ulm; Ulmaceae, Urt: 
Urticaceae, Vio; Violaceae. 


摘 要 


大 阪 府 北部 の 三 草山 の 里山 林 に お ける 実験 的 下 齋 り の チョ ウ 類 の 種 多様 性 お よび 群集 構造 に 
与え る 影響 ( 西 中 康明 ・ 石 井 実 ) 


山林 に お ける 下 刈 り が チョ ウ 類 の 種 多 様 性 お よび 群集 構造 に 与え る 影響 を 明らか に する た だ た め に , 
1999 年 お よび 2001 年 に , 大 阪 府 北部 の 三 草山 の 里山 林 | 三 草 山 ゼ フィ ルス の 森 ] に お いて トラ ン セ 
クト 調査 を 行っ た . 調査 地 の 林 床 は 1999 年 に は ササ に 被 わ れ て いた が , 2000 年 の 秋 以 降 , 下層 植生 の 下 
Al: SEP AUT 25 m 間隔 で 締 状 に 配置 する 管理 ( 縮 状 管理 ) が 試験 的 に 行わ れ た (Fig. 2). 2 年 間 の 調 
査 の 結果 , 合計 2 種 1750 個体 の チョ ウ 類 が 観察 され た (Table 1). その うち 日 華 区 系 (日 浦 , 1973) の 
種 は 35 種 (4 種 の 日 本 固有 種 を 含む ) と 全体 の 約 67% を 占め た . 寄主 植物 に 注目 する と , 落葉 広葉 樹 食 
者 (14 種 ) や 高 茎 草本 食 者 (11) RAAF (8), 低木 食 者 (7) な ど が 多かっ た が , 常緑 広葉 樹 食 者 (2) は 少 
な か っ た . 低木 食 者 に は ササ 食 者 を 含め た が , その うち 3 種 の ヒ カ ゲ チョ ウ 類 (クロ ヒ カ ゲ , ヒ カ ゲ チョ 
ウ , サト キマ ダラ ヒ カ グ ゲ ) が 両 調査 年 と も に 最上 位 の 優 占 種 で ご あっ た (Table 2). この ほか , 落葉 広葉 樹 食 
者 で ある ミヤ マセ セリ や ミズ イロ オナ ガ シ ジ ミ , アカ シジミ, 高 茎 草本 食 者 で ある ヒメ ウラ ナミ ジャ ノ 
メ や ジャ ノ メ チ ョ ウ な ども 優 占 種 に 含ま れ た . チョ ウ 類 の 種 数 と 個体 数 は , 結 状 管理 の 完成 前 (1999 
年 ) の 調査 で は 41 種 975 個体 で あっ た が , 完成 後 (2001 年 ) に は 46 種 775 個体 と な り , 種 数 は 増加 し た 
も の の , 個体 数 は 減少 し た (Table 1). チ ョ ウ 類 群集 の 種 多様 度 や 均衡 度 (H', 1-4, J) は , いずれ も 2001 
年 (3.99, 0.89, 0.72) の ほう が 1999 4E (3.40, 0.83, 0.64) より も 高かっ た . 2001 年 の み に 確 認 さ れ た チョ ウ 
類 は 11 種 で . その 中 に は ミド リヒ ョ ウ モ ン や オオ ウラ ギン スジ ヒョウ モン な どの 森林 性 草本 食 者 や 
ウジ ミス ジン シジミ, ウラ キン シジミ , ウ ラジ ロミ ドリ シン ジミ 3 な どの ゼラ イル ス 類 , 環境 省 の レッ ド 種 
で ある オオ ムラ サキ な ど が 含ま れ て いた . 一 方 , 1999 年 の み に 確 認 さ きれ た チョ ウ 類 は 6 種 で . その う 
ちの 半数 は オー プン ラン ド 性 の 種 ( イ チ モ ン ジ セ セリ , ジ ャ コウ アゲ ダ ゲハ, ツバメ シジミ) で あっ た . 寄主 
植物 や 成虫 の 食物 , 分 布 , 化 性 な ど に 基づい て 分 類 し た 各 グ ルー プ の 種 の 割合 は , 種 数 に つい て は 調 
査 年 間 で の 違い は 認め られ な か っ た (Table 3). LAL, 個体 数 の 割合 に つい て は , 両 調査 年 と も , A HEX 
系 の 種 で あり ., 多 化 性 , 樹液 食 , ササ 食 の 種 で も ある クロ ヒ カ ゲ , ヒ カ ゲ チョ ウ , サト キマ ダラ ヒ カ ゲ 
の 3 種 が 優 占 し て いた が , これ ら の 種 の 割合 は 2001 に 大 きく 低下 し た (Tables 2, 3). それ に 対 LT, 2 種 
の 1 化 性 ヒョウ モン チョ ウ 類 (ミド リヒ ョ ウ モ ン , メス グロ ヒョウ モン ) を 含む 花蜜 依存 種 や 森林 性 
草本 食 の チョ ウ 類 の 個体 数 は 2001 年 に 増加 した. 季節 変化 を みる と , 種 数 は 1999 年 に は 6 月 (16 種 ) 
と 8 月 (19) に 2 つの , 2001 年 に は 6 月 (19), 7 月 (16), 8 月 (18), 9 月 (12) に 4 つの ピー ク が 認め られ た 
(Fig. 3). 密度 に つい て は , 両 年 と も に 6 月 と 9 月 に ピー ク が 認め られ た が ,9 月 の ビー ク は 1999 年 ( 約 75 
個体 /km) の 方 が 2001 年 35) より も 高かっ た . また , 種 多様 度 (1-^) は , 両 年 と も 5-9 月 の 間 , 約 0.8 前 後 
で 比較 的 安定 し て いた が , 夏期 と 秋期 に つい て は 2001 年 の 方 が や や 高かっ た . ヒ ョ ウ モ ンチ ョ ウ 類 の 
密度 は 1999 年 より 2001 年 の 方 が 高く , 特に 9 月 下旬 に 最大 ( 約 3.3 個体 /km) と な っ た . それ に 対し て , 
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ヒ カ ゲ チョ ウ 類 で は 2001 年 に 審 度 が 低下 L, 特に 夏 世 代 の 容 度 は 1999 年 (最大 約 65) に 比べ て , 2001 
年 (30) は 2 分 の 1 以下 で あっ た Fig. 4. 以上 の よう な 結果 か ら , MIKO PRAMS, 調査 地 の チ ョ 
ウ 類 群集 の 種 構成 に 大 き な 影 響 を 及ぼ さ ず , 優 占 種 で ある ササ 食 者 の 審 度 の 低下 や 森林 性 草本 食 者 
の 増加 な ど を 通じ て , 群集 の 種 多様 度 を 増加 させ る こと が 示さ れ た . 
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